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I. 

INTRODUCTION 

(U)  The  Advanced  Rocket  Engine  Storable  (ARES),  described  in  this  appendix, 
is  a  throttlable-re3tartable  advanced  rocket  engine  using  storable 
AeroZINE  50  propellants.  The  engine  features  high  performance  and  simplicity 
in  design.  ARES  is  presently  in  the  process  of  advanced  development  testing 
at  Aerojet-General  Corporation  under  contract  to  the  USAF  Rocket  Propulsion 
Laboratory,  Edwards  AFB,  California  (Contract  AF  04(611)-10830) .  Testing  is 
at  a  fixed  thrust  of  100K. 

(U)  Parametric  performance,  size,  weight,  and  cost  scaling  data  for 
throttlable  and  restartable  ARES  liquid-propellant  rocket  engines  over  a 
range  of  engine  sizes  with  rated  thrust  values  from  25,000  to  500,000  lbf  are 
presented  in  this  report. 


UNCLASSIFIED 

Report  68-C-0008-F,  Part  2,  Appendix  I 


II. 

ARES  ENGINE  DESCRIPTION 


(U)  The  ARES  engine  shown  in  Figure  II-l-A  consists  of  a  turbopump  assembly, 
a  thrust  chamber  assembly,  fuel  and  oxidizer  suction  valves,  and  boost  pumps. 
The  turbopump  assembly  includes  the  main  pumps,  the  turbine,  the  primary  com¬ 
bustor,  and  two  fuel  control  valves,  and  forms  the  central  structure  of  the 
engine.  The  turbopump  is  mounted  on  top  of  the  thrust  chamber,  with  thrust 
being  transmitted  through  the  turbopump  housing  to  the  gimbal  and  airframe. 

The  entire  engine  is  gimbaled  from  a  gimbal  assembly  which  is  attached  to  the 
thrust  take-out  pad  of  the  engine. 

(U)  The  turbine,  oxidizer  pump,  and  fuel  pump  are  on  a  single  shaft  which 
is  in  line  with  the  engine  thrust  axis  and  is  supported  in  the  housing  by 
propellant-lubricated  bearings.  The  single-stage  turbine  is  on  the  lower  end 
of  the  shaft  and  exhausts  directly  into  the  thrust  chamber.  The  single-stage 
oxidizer  pump  is  on  the  center  of  the  shaft,  with  the  two-stage  fuel  pump  on 
the  top  end.  Fuel  and  oxidizer  enter  the  engine  through  vertical  inlets  on 
each  side  of  the  turbopump.  In  each  suction  inlet,  a  hydraulically  driven 
boost  pump  is  mounted  with  its  shaft  horizontal.  A  suction  prevalve  is  located 
upstream  of  each  boost  pump. 

(U)  The  primary  combustor  utilizes  a  radial  inflow  HIPERTHIN*  Injector 
consisting  of  a  stack  of  thin  platelet  washers,  with  fuel  and  oxidizer  fed 
between  and  metered  by  alternate  washers. 

(U)  The  secondary  combustor,  or  thrust  chamber,  is  transpiration  cooled  to 
the  throat  and  downstream  of  the  point  where  static  pressure  is  30  psia;  from 
that  point  on  the  extension  nozzle  is  cooled  by  the  coolant-carryover  boundary 
layer.  The  transpiration-cooled  thrust  chamber  utilizes  platelet  washers  for 
metering  the  required  amounts  of  oxidizer  into  the  thrust  chamber  wall.  The 
nozzle  extension  is  similar  in  design  to  the  nozzle  on  the  Apollo  service 
module  engine  and  the  Trans tage  engine. 


*Aerojet  design  denoting  High  Performance  Throttlable  Injector. 
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ARES  Engine  100K,  Throttlable  (u) 


Figure  II-l-A 
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III. 

SCALING  DATA 


(C)  Design  scaling  data  have  been  determined  for  throttlable,  restartable 
ARES  engines  at  three  rated  thrust  levels  of  25K,  100K,  and  500K,  Figure  III-l-A 
shows  the  predicted  performance,  weights,  and  dimensions  for  each  of  the  three 
engines  incorporating  thrust  chambers  with  50:1  area  ratio  80%  bell  contour 
and  150:1  area  ratio  RAO  contour  nozzles.  The  engine  specific  impulse  values 
are  based  on  the  Contract  AF  04(611) -10830  target  performance  of  91.7%  of 
theoretical.  Detailed  thermodynamic  analysis  has  shown  that  up  to  94%  specific 
impulse  efficiency  can  be  reasonably  achieved  in  a  development  program.  There¬ 
fore,  the  specific  impulse  data  presented  are  conservative, 

(U)  Predicted  engine  performance  (vacuum  and  sea  level)  versus  nozzle  area 
ratio  is  shown  in  Figure  III-2-A  for  the  three  design  thrust  levels.  Predicted 
engine  throttling  performance  for  the  three  engines  over  a  10:1  throttle  range 
is  shown  in  Figure  III-3-A.  The  reduction  in  specific  impulse  as  the  engine 
is  throttled  results  from:  (1)  increased  combustion  loss  because  of  the  lower 
liquid  injection  velocity  and  lower  fuel  vaporization  rate,  (2)  increased 
friction  because  of  greatly  reduced  flow  over  the  same  area,  and  (3)  increased 
kinetic  losses  because  of  gas  disassociation.  Engine  dry  and  wet  weights 
versus  rated  vacuum  thrust  are  shown  by  Figures  III-4-A  and  III-5-A,  respec¬ 
tively.  It  can  be  noted  that  the  engines  with  50:1  area  ratio  nozzles  are 
slightly  heavier  than  those  with  150:1  area  ratio  nozzles.  This  results  from 
the  fact  that  as  the  area  ratio  is  increased  from  50:1,  engine  weight  increases 
but  thrust  increases  at  a  faster  rate.  Engine  length  and  maximum  diameter 
values  versus  thrust  are  shown  by  Figure  III-6-A.  The  dimension  ratios  for 
RAO  and  80%  bell  contour  thrust  chamber  nozzles  are  presented  in 
Figure  III-7-A.  Engine  gimbal  moment  of  inertia  versus  rated  thrust  is  strewn 
in  Figure  III-8-A.  Estimated  cost  (1967  dollars)  to  develop  man-rated, 
throttlable,  restartable  ARES  engines  is  shown  in  Figure  III-9-A.  These  costs 
are  based  on  a  four-year  program  involving  three  years  through  PFRT  and  one 
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III,  Scaling  Data 

year  for  qualification.  Propellant  costs  are  shown  separately.  Fee  is  not 
included  in  the  estimate.  Estimated  unit  production  cost  (1967  dollars)  for 
throttlable,  restartable  ARES  engines  is  shown  in  Figure  III-10-A.  Costs 
shown  do  not  include  propellants  or  fee. 
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RATED  VACUUM  THRUST  -  1000  POUND 


ARES  Gimbal  Moment  vs  Vacuum  Thrust 


Figure  III-8-A 
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THROUGH  QUALIFICATION 
1967  DOLLARS 

Development  Starts  Jan  1968 
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200  30C  500 

RATED  VACUUM  THRUST  -  1000  LB 
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ARES  Development  Cost 


Figure  III-9-A 
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